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(57) ABSTRACT 
Systems and methods are provided for generating a con 
straint-based, time-optimal motion profile for controlling the 
trajectory of a point-to-point move in a motion control sys 
tem. A profile generator can calculate an ST-curve motion 
profile that includes a jerk reference that varies continuously 
over time for at least one of the motion profile segments, 
thereby producing a smooth, time-optimal trajectory. The 
profile generator can create the motion profile to conform to 
a set of motion constraints provided by the user. The profile 
generator also Supports calculation of time-optimal motion 
profiles having segments that align to the sample time of the 
motion control system. In some embodiments, the profile 
generator can efficiently generate the motion profile by per 
forming reference calculations only for those segments that 
will be used in the final motion profile for a given point-to 
point move. 
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MOTON PROFILE GENERATOR 

TECHNICAL FIELD 

0001. This disclosure generally relates to motion control, 
and specifically to generation of constraint-based, time-opti 
mal motion profiles. 

BACKGROUND 

0002 Many automation applications employ motion con 
trol systems to control position and speed motion devices. 
Such motion control systems typically include one or more 
motors or similar actuating devices operating under the guid 
ance of a controller, which sends position and/or speed con 
trol instructions to the motor in accordance with a user-de 
fined control algorithm or program. In a common 
architecture, the controller sends the control instructions to a 
motor drive (e.g., as an analog signal or a series of discrete 
step signals), and the motor drive controls the driving current 
output to the motor in accordance with the control instruc 
tions, facilitating the controlled movement of the motor. 
0003. When the controller determines that the motion sys 
tem must move to a new position or alter its velocity (e.g., in 
accordance with the control algorithm or a user request), the 
controller must calculate a position or Velocity trajectory— 
referred to as a motion profile—for transitioning the motion 
system from its current position/velocity to the target posi 
tion/velocity. The motion profile defines the motion systems 
Velocity, acceleration, and/or position overtime as the system 
moves from the current state to the target state. Once this 
motion profile is calculated, the controller translates the 
motion profile into appropriate control signaling for moving 
the motion system through the trajectory defined by the pro 
file. 
0004. In some applications, the various segments (or 
stages) of the motion profile are calculated based on prede 
termined user-defined constraints (e.g., maximum velocity, 
maximum acceleration, etc.), where the defined constraints 
may correspond to mechanical limitations of the motion sys 
tem. Given these constraints and the desired target position 
and/or velocity, the controller will calculate the motion pro 
file used to carry out the desired move or velocity change. The 
resultant motion profile is also a function of the type of profile 
the controller is configured to generate—typically either a 
trapezoidal profile or an S-curve profile. For a trapezoidal 
profile, the controller will calculate the motion profile accord 
ing to three distinct stages—an acceleration stage, a constant 
Velocity stage, and a deceleration stage. Such a profile results 
in a trapezoidal velocity curve. The S-curve profile type 
modifies the trapezoidal profile by adding four additional 
stages corresponding to these transitions. These additional 
stages allow gradual transitions between the constant (or 
Zero) velocity stages and the constant acceleration/decelera 
tion stages, providing Smoother motion and affording a finer 
degree of control over the motion profile. 
0005 Since the trapezoidal profile always accelerates or 
decelerates at the maximum defined acceleration rate, this 
profile type tends to achieve fasterpoint-to-point motion rela 
tive to S-curve profiles. However, since the transitions 
between the constant (or Zero) velocity and the acceleration 
stages are abrupt, the trapezoidal curve may cause excessive 
system jerk at these transitions. Moreover, there is greater risk 
of overshooting the target position or Velocity when using a 
trapezoidal motion profile, which can reduce accuracy or 
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cause the controller to expend additional work and settling 
time bringing the motion device back to the desired target. 
Alternatively, the S-curve profile can yield greater accuracy 
due to the more gradual transitions between the constant 
Velocity and acceleration/deceleration phases, but at the cost 
of additional time spent on the initial point-to-point move. 
0006. The above-described is merely intended to provide 
an overview of Some of the challenges facing conventional 
motion control systems. Other challenges with conventional 
systems and contrasting benefits of the various non-limiting 
embodiments described herein may become further apparent 
upon review of the following description. 

SUMMARY 

0007. The following presents a simplified summary of one 
or more embodiments in order to provide a basic understand 
ing of Such embodiments. This Summary is not an extensive 
overview of all contemplated embodiments, and is intended 
to neither identify key or critical elements of all embodiments 
nor delineate the scope of any or all embodiments. Its purpose 
is to present some concepts of one or more embodiments in a 
simplified form as a prelude to the more detailed description 
that is presented later. 
0008. One or more embodiments of this disclosure relate 
to systems and methods for efficiently generating constraint 
based, time-optimal motion profiles. To this end, a profile 
generator deployed within a controller can leverage a math 
ematical algorithm to solve for constraint-based, time-opti 
mal point-to-point motion in real-time and to calculate tra 
jectories based on the solution. To achieve Smooth and 
accurate point-to-point motion, the profile generator can cal 
culate the trajectory based on an ST-curve profile type, which 
generates profiles having a continuous jerk reference over 
time for at least one acceleration or deceleration segment of 
the profile. By calculating motion profiles that includes a 
time-varying jerk reference, the profile generator of the 
present disclosure can yield Smoother and more stable motion 
compared to traditional trapezoidal or S-curve profiles. 
0009. The ST-curve profiles generated by the profile gen 
erator can Support asymmetric acceleration and deceleration 
phases. Conventionally, asymmetric acceleration and decel 
eration is supported only by trapezoidal profiles, but not by 
the smoother S-curve profiles. The ST-curves generated 
according to the techniques described herein can allow asym 
metric acceleration and deceleration to be used with smoother 
motion profiles. In some embodiments, the profile generator 
described herein may also generate S-curve profiles that Sup 
port asymmetric acceleration and deceleration. 
0010. In another aspect, one or more embodiments of the 
profile generator described herein can improve calculation 
efficiency by omitting calculations for trajectory segments 
that will not be used in the final trajectory. That is, rather than 
calculating profile data for all seven profile stages even in 
cases for which one or more of the segments will not be used, 
the profile generator described herein may calculate only 
those profile stages that will be used in the final motion profile 
for a given trajectory, reducing computational overhead 
within the controller. The profile generator can automatically 
determine which segment(s) of the motion profile may be 
skipped for a given point-to-point move and calculate the 
remaining segments accordingly. 
0011. According to another aspect, one or more embodi 
ments of the profile generator described herein can further 
improve the accuracy and efficiency of a point-to-point move 
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by forcing the total profile time to be a multiple of the motion 
controller's sample time. In an exemplary technique, the pro 
file generator can calculate a time-optimal Solution for a given 
point-to-point move, determine the time durations of the 
respective segments of the resultant profile, and round these 
durations to be multiples of the sample time. The profile 
generator can then recalculate thejerk, acceleration/decelera 
tion, velocity and/or position references for the profile to be 
consistent with these rounded profile times. Thus, the trajec 
tory outputs can be aligned with the sample points, mitigating 
the need to compensate for small differences introduced when 
the total profile time falls between two sample times. 
0012. The following description and the annexed draw 
ings set forth herein detail certain illustrative aspects of the 
one or more embodiments. These aspects are indicative, how 
ever, of but a few of the various ways in which the principles 
of various embodiments can be employed, and the described 
embodiments are intended to include all Such aspects and 
their equivalents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a block diagram of a simplified closed-loop 
motion control architecture. 

0014 FIG. 2 is a block diagram of an exemplary motion 
profile generating system capable of generating motion pro 
files in a motion control system. 
0015 FIG. 3 is a block diagram of exemplary motion 
controller that utilizes a profile generator. 
0016 FIG. 4 is a block diagram illustrating the inputs and 
outputs of an exemplary position profile generator. 
0017 FIG. 5 is a block diagram illustrating the inputs and 
outputs of an exemplary Velocity profile generator. 
0018 FIG. 6 is a graphical comparison of an exemplary 
ST-curve profile with traditional trapezoidal and S-curve pro 
files. 

0019 FIG. 7 illustrates an exemplary S-curve profile that 
utilizes all seven stages. 
0020 FIG. 8 illustrates an exemplary S-curve motion pro 

file that skips the constant Velocity stage. 
0021 FIG. 9 illustrates an example S-curve profile that 
skips the constant acceleration and constant deceleration 
Stages. 
0022 FIG. 10 illustrates an example S-curve profile that 
skips the constant acceleration, constant Velocity, and con 
stant deceleration stages. 
0023 FIG. 11 is a flowchart of an example methodology 
for calculating a motion profile for a point-to-point move in a 
motion control system. 
0024 FIG. 12 is a flowchart of an example methodology 
for calculating a constraint-based time-optimal motion pro 
file that conforms to a sample time of a motion controller. 
0025 FIG. 13 is a flowchart of an example methodology 
for calculating a motion profile for a point-to-point move 
using segment skipping. 
0026 FIG. 14 is a block diagram representing an exem 
plary networked or distributed computing environment for 
implementing one or more embodiments described herein. 
0027 FIG. 15 is a block diagram representing an exem 
plary computing system or operating environment for imple 
menting one or more embodiments described herein. 
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DETAILED DESCRIPTION 

0028. Various embodiments are now described with refer 
ence to the drawings, wherein like reference numerals refer to 
like elements throughout. In the following description, for the 
purposes of explanation, numerous specific details are set 
forth in order to provide an understanding of this disclosure. 
It is to be understood, however, that such embodiments may 
be practiced without these specific details, or with other meth 
ods, components, materials, etc. In other instances, structures 
and devices are shown in block diagram form to facilitate 
describing one or more embodiments. 
0029 Systems and methods described herein relate to 
techniques for generating constraint-based, time-optimal 
motion profiles for point-to-point movement of a controlled 
mechanical system. In some embodiments, a generated 
motion profile can include a continuous jerk reference for at 
least one segment of the profile, where the jerk reference is 
calculated as a continuous time-varying function. The jerk 
reference refers to a function calculated by the profile gen 
erator that defines the jerk control output as a function of time 
for a given point-to-point trajectory. 
0030 To illustrate an exemplary context for the profile 
generation techniques described herein, FIG. 1 depicts a sim 
plified closed-loop motion control architecture. Motor con 
troller102 is programmed to control motor 104, which drives 
mechanical load 106. Motor controller 102, motor 104, and 
load 106 comprise the main components of an exemplary 
motion control system, wherein linear and/or rotational 
motion of the load 106 is controlled by motor controller 102. 
In an exemplary non-limiting application, load 106 can rep 
resent an axis of a single- or multi-axis robot or positioning 
system in which the position of the load 106 is controlled in 
response to position instructions generated by motor control 
ler 102. In such applications, motor controller 102 sends 
control signal 108 instructing the motor 104 to move the load 
106 to a desired position. The control signal 108 can be 
provided directly to the motor 104, or to a motor drive (not 
shown) that controls the speed and direction of the motor by 
varying the power delivered to the motor 104 in accordance 
with the control signal 108. Feedback signal 110 indicates a 
current state (e.g., position, Velocity, etc.) of the motor 104 
and/or load 106 in substantially real-time. In servo-driven 
systems, feedback signal 110 can be generated, for example, 
by an encoder or resolver (not shown) that tracks an absolute 
orrelative position of the motor. In sensorless systems lacking 
a Velocity sensor, the feedback signal can be provided by a 
speed/position estimator. During a move operation, the motor 
controller102 monitors feedback signal 110 to ensure that the 
load 106 has accurately reached the target position. Motor 
controller 102 compares the actual position of the load as 
indicated by the feedback signal 110 with the target position, 
and adjusts the control signal 108 as needed to reduce or 
eliminate error between the actual and target positions. 
0031. In another exemplary scenario, the motion control 
application can be a speed control system in which the Veloc 
ity of the load 106 is controlled in accordance with velocity 
control instructions generated by motor controller102. In this 
example, motor controller 102 provides an instruction to 
motor 104 (via control signal 108) to transition from a first 
Velocity to a second Velocity, and makes necessary adjust 
ments to the control signal 108 based on feedback signal 110. 
0032. It is to be appreciated that the motion profile gen 
eration techniques of the present disclosure are not limited to 
use with the exemplary types of motion control systems 
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described above, but are applicable for any suitable motion 
control application. For example, some motion control sys 
tems may operate in an open-loop configuration, omitting 
feedback signal 110. 
0033. In some applications, motor controller 102 will con 

trol motor 104 in accordance with motion profiles calculated 
by a higher-level control program, Such as a program 
executed by a programmable logic controller (PLC) or other 
Such controller. In Such applications, the higher-level control 
ler will determine the required target position and/or velocity 
of the motion device, and provide a motion profile to the 
motor controller 102 for transitioning the load 106 to the 
target position and/or Velocity. 
0034 FIG. 2 is a block diagram of an exemplary non 
limiting motion profile generating system capable of gener 
ating motion profiles for, point-to-point moves of a motion 
control system. Motion profile generating system 202 can 
include a position profile generator 204, a velocity profile 
generator 206, an interface component 208, one or more 
processors 210, and memory 212. In various embodiments, 
one or more of the position profile generator 204, Velocity 
profile generator 206, interface component 208, the one or 
more processors 210, and memory 212 can be electrically 
and/or communicatively coupled to one another to perform 
one or more of the functions of the motion profile generating 
system 202. In some embodiments, components 204, 206, 
and 208 can comprise software instructions stored on 
memory 212 and executed by processor(s) 210. The motion 
profile generating system 202 may also interact with other 
hardware and/or software components not depicted in FIG. 2. 
For example, processor(s) 210 may interact with one or more 
external user interface devices, such as a keyboard, a mouse, 
a display monitor, a touchscreen, or other Such interface 
devices. 

0035 Interface component 208 can be configured to 
receive user input and to render output to the user in any 
Suitable format (e.g., visual, audio, tactile, etc.). User input 
can be, for example, user-entered constraints (e.g., maximum 
acceleration, maximum velocity, etc.) used by the motion 
profile generating system 202 to calculate a motion profile (to 
be described in more detail below). Position profile generator 
204 can be configured to receive an indication of a desired 
target position for a motion system and calculate a motion 
profile for transitioning to the target position within the 
parameters of the user-defined constraints. Similarly, velocity 
profile component 206 can receive an indication of a desired 
target Velocity for the motion control system and generate a 
motion profile for transitioning the motion system from a 
current velocity to the target velocity in conformance with the 
defined constraints. While FIG. 2 depicts the motion profile 
generating system as including both the position profile gen 
erator 204 and the velocity profile generator 206. It is to be 
appreciated that some embodiments of the motion profile 
generating system 202 may include only one of the position 
profile generator 204 or the velocity profile generator 206 
without deviating from the scope of this disclosure. The one 
or more processors 210 can perform one or more of the 
functions described herein with reference to the systems and/ 
or methods disclosed. Memory 212 can be a computer-read 
able storage medium storing computer-executable instruc 
tions and/or information for performing the functions 
described herein with reference to the systems and/or meth 
ods disclosed. 
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0036. In some embodiments, the profile generator 
described herein can be an integrated component of a motion 
controller. FIG. 3 illustrates an exemplary motion control 
system 300 comprising a master controller 302 that utilizes a 
profile generator 306 according to one or more embodiments 
of this disclosure. Master controller 302 can be, for example, 
a programmable logic controller (PLC) or other such control 
ler that monitors and controls a system (e.g., an industrial 
process, an automation system, a batch process, etc.) that 
includes one or more motion devices. In this example, profile 
generator 306 can be a functional component of the control 
ler's operating system and/or control Software executed by 
one or more processors residing on the controller 302. Profile 
generator 306 can also be a hardware component residing 
within controller 302, such as a circuit board or integrated 
circuit, that exchanges data with other functional elements of 
the controller 308. Other suitable implementations of profile 
generator 306 are also within the scope of certain embodi 
ments of this disclosure. For example, although profile gen 
erator 306 is illustrated in FIG. 3 as being an integrated 
component of controller 302; the profile generator 306 may 
be a separate element from controller 302 in some embodi 
ments. For Such configurations, profile generator 306 can 
exchange data with controller 302 or other elements of the 
motion system via any suitable communications means, 
including but not limited to wired or wireless networking, 
hardwired data links, or other Such communication means. 
0037 Exemplary motion control system 300 also com 
prises a motor drive 322, which includes a motion controller 
314 for controlling a motion device (e.g., a motor, not shown) 
in accordance with a motion profile 312 provided by master 
controller 302. The motion profile 312 defines a trajectory for 
transitioning the motion device from a current position or 
Velocity to a target position or Velocity, where the trajectory is 
defined in terms of one or more of a position reference, a 
Velocity reference, an acceleration reference, and/or a jerk 
reference. In response to receiving motion profile data from 
master controller 302, motor controller 314 will translate the 
motion profile 312 into control signaling 316, which is sent to 
the motion device to effect transitioning of the motion device 
to the target position or velocity. If the motor controller 314 is 
a closed-loop controller, motor controller 314 will also moni 
tor a feedback signal 320 indicating an actual state of the 
motion device (e.g., the real-time position, Velocity, etc.) as 
the control signaling 316 is being applied. Based on this 
feedback signal 320, the motor controller 314 will adjust the 
control signaling 316 as necessary to ensure that the motion 
device moves in accordance with the motion profile 312 as 
closely as possible. Alternatively, if the motor controller 314 
is an open-loop controller, the motor controller 314 will still 
generate control signaling 316 based on motion profile 312, 
but will not monitor the feedback signal 320 during the result 
ing move. 
0038. In the present example, master controller 302 con 
trols the system in accordance with a control program 310, 
which is stored and executed on the controller 302. During 
operation, control program 310 may require that the motion 
device move to a new position, or transition to a new velocity. 
The destination position or velocity 308 is provided to profile 
generator 306, which calculates a motion profile 312 that 
defines a trajectory for the move. Profile generator 306 cal 
culates the motion profile 312 as a function of one or more 
motion constraints 304, which can represent mechanical con 
straints of the motion system or user preferences regarding 
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operation of the motion device. Motion constraints 304 can be 
provided by the user prior to operation (e.g., via interface 
component 208 of FIG. 2). In some embodiments, profile 
generator 306 can also calculate the motion profile 312 based 
additionally on the sample time 318 of the controller 302, to 
ensure that the profile segments align with the controller's 
sample points, as will be discussed in more detail below. 
0039. As will be described in more detail below, motion 
profile 312 can define the trajectory of the point-to-point 
move over time in terms of one or more of a position refer 
ence, a Velocity reference, an acceleration reference, and a 
jerk reference. These references represent functions calcu 
lated by the motion profile generator 306 defining how the 
respective motion attributes will be controlled as a function of 
time for a given point-to-point move. These references are 
mathematically related to one another as derivatives. That is, 
jerk is the derivative of acceleration, acceleration is the 
derivative of velocity, and velocity is the derivative of posi 
tion. Profile generator 306 can calculate these references for 
respective stages of the trajectory profile, as will be discussed 
in more detail below. 

0040. Once the motion profile 312 for the move is calcu 
lated, profile generator 306 provides the motion profile 312 to 
the motor controller 314, which translates the motion profile 
312 into control signaling 316that instructs the motion device 
to perform the desired point-to-point move in accordance 
with the motion profile 312. As described above, if the motor 
controller 314 is a closed-loop controller, control signaling 
316 will be a function of the motion profile 312 as well as 
feedback signal 320, which informs the motor controller 314 
of the actual state of the motion device in real-time. For 
open-loop control systems, the control signaling 316 will be 
a function only of the motion profile 312. 
0041. It is to be understood that the architecture depicted 
in FIG.3 is only intended to be an exemplary context in which 
profile generator 306 may operate, and that other operating 
contexts are within the scope of this disclosure. For example, 
in some scenarios, master controller 302 may be a self-con 
tained controller that includes integrated motor control capa 
bilities. In such applications, the controller 302 may itself 
translate the motion profile 312 into a suitable control signal 
316 and send this control signal 316 to the motion device, 
rather than providing the motion profile 312 to a separate 
motor drive 322. In another exemplary architecture, profile 
generator 306 may be an integrated component of motor drive 
322. 

0042 Profile generator 306 can be one or both of a position 
profile generator or a Velocity profile generator. These two 
types of profile generators are illustrated in FIGS. 4 and 5. 
respectively. As shown in FIG. 4, position profile generator 
402 receives as inputs a set of constraints 404, which can 
represent mechanical constraints of the controlled system or 
user preferences regarding behavior of the motion system. 
These constraints can include upper limits on the Velocity, 
acceleration, deceleration, and jerk, as well as a sample time 
representing an update period of the controller's control sig 
nal (typically measured in milliseconds). These constraint 
values may be set by the user (e.g., via interface component 
208 of FIG. 2), although in some embodiments the position 
profile generator 402 may determine the controller's sample 
time automatically. These constraints 404 may be set once 
during deployment of the motion control system, or may be 
reconfigured for each move. Position profile generator 402 
allows the acceleration and deceleration limits to be config 
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ured individually to accommodate profiles having asym 
metrical acceleration and deceleration. The sample time is 
used by the profile generator 402 to improve accuracy of the 
motion profile, as will be described in more detail below. 
0043. During operation, the position profile generator 402 
will receive a position step command 408 specifying a new 
target position for the motion system. Position step command 
408 may be generated by the control program executing on 
the controller (e.g., control program 310 of FIG. 302), or may 
be a move instruction manually input by a user. In response to 
the position step command 408, position profile generator 
calculates a constraint-based, time-optimal motion profile 
406 defining a trajectory for moving the load from its current 
position to the target position defined by the position step 
command 408. The motion profile 406 comprises one or more 
of a jerk reference, an acceleration reference, a Velocity ref 
erence, or a position reference (which are mathematically 
related to each other as derivatives). Position profile generator 
402 defines these references as functions of time for each of a 
set of defined motion profile stages or segments. Table 1 
Summarizes the seven segments of a point-to-point motion 
profile. 

TABLE 1 

Segment 
No. Name Description 

1 ACC INC Acceleration profile increases from 
Zero to maximum acceleration 
Acceleration profile stays constant as 
the maximum acceleration 
Acceleration profile decreases from 
maximum acceleration to Zero 
Velocity profile stays constant 
Acceleration profile absolute value 
increases from Zero to maximum 
deceleration 
Acceleration profile absolute value 
stays constant as the maximum 
deceleration 
Acceleration profile absolute value 
decreases from maximum deceleration 
to Zero 

2 ACC HOLD 

3 ACC DEC 

4 VEL, HOLD 
5 DEC INC 

6 DEC HOLD 

7 DEC DEC 

0044) Initially, during the first stage (ACC INC), the 
acceleration increases continuously from Zero to a constant 
acceleration. In some scenarios, this constant acceleration 
will be the maximum acceleration defined by constrains 404. 
However, for relatively short position steps this the position 
profile generator 402 may determine that a smaller accelera 
tion would result in a more accurate transition to the target 
position. During the second stage (ACC HOLD), the accel 
eration is held at the constant rate. As the system approaches 
the target Velocity calculated by the position profile generator 
402, the third stage (ACC DEC) is entered, during which the 
acceleration is gradually decreased until the constant Velocity 
is reached. When the constant velocity has been achieved, this 
constant velocity is held during the fourth stage (VEL 
HOLD) as the system approaches the target position. When 
the system is near the target position, the trajectory enters the 
fifth stage (DEC INC), during which the system begins 
decelerating at a gradually increasing rate from Zero to a 
target deceleration defined by the motion profile. When the 
target deceleration is reached, this deceleration is held during 
the sixth stage (DEC HOLD). Finally, during the seventh 
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stage (DEC DEC), the deceleration is gradually decreased 
until the system reaches Zero Velocity, ending the move 
Sequence. 

0045. When provided with a position step command 408, 
position profile generator 402 determines which of these 
seven profile segments are required for a time-optimal motion 
profile, and calculates one or more of a time varying jerk 
reference, acceleration reference, Velocity reference, or posi 
tion reference for each segment deemed necessary for the 
move. The calculated references for the respective stages are 
combined to yield a complete motion profile, which can be 
used by an open-loop or closed-loop motion controller (e.g., 
a motor drive) to drive the motion system through the trajec 
tory defined by the motion profile. 
0046 FIG. 5 illustrates an exemplary velocity profile gen 
erator 502 according to one or more embodiments. Velocity 
profile generator 502 is similar to position profile generator 
402, but is used to calculate motion profiles in response to a 
desired change in Velocity rather than a change in position. 
That is, velocity profile generator 502 calculates a time-opti 
mal motion profile 506 for transitioning a motion system 
from a current velocity to a target velocity specified by veloc 
ity setpoint 508. Since transition to a desired velocity setpoint 
is typically indifferent to the motion system's position, the 
constraints 504 defined for the velocity profile generator 502 
may omit the position limit. Likewise, the motion profile 506 
generated by Velocity profile generator 502 may omit a posi 
tion reference, and define the motion profile exclusively in 
terms of a time varying jerk reference, acceleration reference 
and/or velocity reference. 
0047. In some motion control applications, motion con 

trollers generate one of either trapezoidal motion profiles or 
S-curve motion profiles. In addition to or instead of these 
profile types, the profile generator of the present disclosure 
can generate profiles according to a third profile type, referred 
to herein as an ST-curve profile. FIG. 6 compares an exem 
plary ST-curve profile with traditional trapezoidal and 
S-curve profiles. The time graphs illustrated in FIG. 6 plot the 
position, Velocity, acceleration, and jerk for a given motion 
trajectory between position 0 (the start position) and position 
2.5 (the target position, as may be defined by position step 
command 408 of FIG. 4). As is generally understood, the 
plotted values are mathematically related to one another as 
derivatives. That is, velocity is the derivative of position (i.e., 
the rate of change of position), acceleration is the derivative of 
velocity, and jerk is the derivative of acceleration. 
0048 Trapezoidal motion profiles only employ three of 
the seven profile stages described above-constant accelera 
tion (stage 2), constant Velocity (stage 4), and constant decel 
eration (stage 6). This results in the trapezoidal velocity pro 
file depicted by the dotted line of the velocity curve in FIG. 6. 
The abrupt transitions between the constant acceleration/de 
celeration stages and the constant Velocity stage results in 
sharp corners at the top of the trapezoidal velocity curve. 
Since the acceleration and deceleration phases of the trap 
eZoidal profile are always constant, the acceleration curve for 
this profile steps abruptly between constant values, as illus 
trated by the dotted line on the acceleration graph. In the 
present example, the rate of deceleration is twice that of 
acceleration, so the acceleration curve for the trapezoidal case 
steps to 0.5 during the acceleration stage, 0 for the constant 
Velocity stage, and -1.0 for the deceleration stage. Also, the 
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jerk curve (representing the rate of change of acceleration/ 
deceleration) pulses briefly during moments of transition (not 
plotted) and remains at Zero when acceleration or decelera 
tion remains constant, as shown by the dotted line on the jerk 
graph of FIG. 6. 
0049 Since the trapezoidal profile always accelerates and 
decelerates at a constant rate without gradual transitioning to 
and from the constant Velocity stage, the trapezoidal curve 
profile can traverse the distance between the current position 
and the target position relatively quickly. However, the Sud 
den transitions between acceleration/deceleration and con 
stant (or Zero) Velocity can introduce undesirable mechanical 
turbulence in the system. Additionally, since the deceleration 
does not decrease gradually as the motion system approaches 
the target position, but instead maintains constant decelera 
tion until the target position is reached before suddenly shift 
ing to Zero Velocity, the trapezoidal motion profile has a high 
likelihood of overshooting the target position at the end of the 
initial traversal, requiring the controller to apply a compen 
satory control signal to bring the load back to the target 
position. This process may need to be iterated several times 
before the system settles on the target position, introducing 
undesirable system oscillations. 
0050. In contrast to the trapezoidal profile, the S-curve 
profile (depicted as the light solid line in the graphs of FIG. 6) 
utilizes all the continuous acceleration/deceleration stages of 
the seven profile stages, thereby allowing gradual transitions 
between the constant (or Zero) Velocity phases and the con 
stant acceleration/deceleration stages. These gradual accel 
eration transitions can be seen clearly on the acceleration 
graph. Rather than starting at a constant acceleration from 
time 0, as does the trapezoidal profile, the acceleration for the 
S-curve profile ramps gradually to constant acceleration start 
ing at time 0. When the velocity has reached maximum (be 
tween 1 Sand2S), the acceleration gradually decreases to Zero 
to achieve constant Velocity, rather than stepping down 
abruptly to Zero as in the trapezoidal case. Similar gradual 
changes in acceleration can be seen during the later decelera 
tion stages for the S-curve profile. The effect of these gradual 
acceleration changes on the Velocity and position curves can 
be seen on the respective Velocity and position graphs. In 
particular, the corners of the S-curve velocity profile are 
rounder relative to those of the trapezoidal curve, represent 
ing a Smoother transition between the acceleration/decelera 
tion stages and the constant Velocity stages. Likewise, the 
S-curve position profile shows a smoother transition between 
the initial position and the target position, though at the 
expense of additional time required to reach the target. 
0051 One or more embodiments of the profile generator 
described herein can Support generation of S-curve motion 
profiles. Conventionally, motion control systems that utilize 
S-curve motion profiles only support symmetrical accelera 
tion and deceleration; that is, the absolute values of the con 
stant acceleration and the constant deceleration stages are 
equal. By contrast, the profile generator described herein can 
Support S-curve motion profiles having asymmetrical accel 
eration and deceleration. This is illustrated on the accelera 
tion graph of FIG. 6, which depicts the S-curve as having a 
limit of 0.5 during acceleration, and a limit of -1 during 
deceleration. To provide for Such asymmetric acceleration 
and deceleration, the profile generator can allow separate 
acceleration and deceleration limits to be configured as sys 
tem constraints (see, e.g., constraints 404 of FIG. 4), and 
calculate the motion profile in view of these constraints. 



US 2013/0307459 A1 

0052. As illustrated on the jerk graph, the rate at which the 
acceleration/deceleration increases and decreases during 
stages 1, 3, 5, and 7 of the motion profile for the S-curve case 
are always constant. That is, the jerk is always a constant 
value for any given stage of the motion profile--either 1, 0, or 
-1 in the present example. This can result in sharp transitions 
between the increasing/decreasing acceleration (or decelera 
tion) stages and constant acceleration stages, as illustrated on 
the acceleration graph. 
0053 To facilitate smoother motion than that offered by 
the trapezoidal and S-curve profiles of conventional motion 
control systems while achieving time-optimal transition 
between positions, one or more embodiments of the profile 
generator described herein can calculate motion profiles that 
accord to the ST-curve profile type. An exemplary ST-curve 
profile is represented as the dark Solid line on the graphs of 
FIG. 6. In contrast to the trapezoidal and S-curve profiles, the 
ST-curve profile gradually varies the jerk continuously over 
time during the stages of increasing and decreasing accelera 
tion and deceleration. This can result in the Smoother accel 
eration transitions illustrated on the acceleration graph of 
FIG. 6, and the corresponding Smoother velocity and position 
curves shown in the respective Velocity and position graphs. 
0054 Moreover, ST-curve profiles can support asym 
metrical acceleration and deceleration (that is, the profile 
generator can calculate profiles having rates of acceleration 
that differ from the rates of deceleration for a given motion 
profile). Deriving a mathematical trajectory expression as a 
function of time while simultaneously finding a time-optimal 
Solution can be challenging when using asymmetric accelera 
tion/deceleration. To address this concern, one or more 
embodiments of the profile generator described herein can 
employ an algorithm that leverages a relationship between 
acceleration and deceleration, and between acceleration jerk 
and deceleration jerk, and Substitute these relationships dur 
ing the derivation, making it possible to derive the analytical 
expressions of the trajectories and then find the time-optimal 
Solution. 

0055 An exemplary ST-curve position profile is derived 
below. One or more embodiments of the profile generator 
described hereincan generate motion profile references based 
on the following derivations. However, it is to be understood 
that the profile generator described herein is not limited to this 
technique for generating motion profiles based on ST-curves, 
and that any suitable algorithm that yields a continuous jerk 
curve defined as a function of time is within the scope of this 
disclosure. 

0056. In the following equations, e. 6, 6, and 0 are jerk, 
acceleration, Velocity, and position, respectively. t1, t2, ts, ta 
and ts are the respective durations of the ACC INC, ACC 
HOLD, VEL, HOLD, DEC INC, and DEC HOLD stages of 
the motion profile (see Table 1 above). In the present example, 
it is assumed that ACC INC and ACC DEC are equal in 
duration, and thus t is the duration of both the ACC INC and 
ACC DEC stages. Likewise, DEC INC is assumed to be 
equal in duration to DEC DEC, so ta is the duration for both 
DEC INC and DEC DEC. Kis again value to be determined 
for each stage of the motion profile for each of the jerk, 
acceleration, Velocity, and position, according to the follow 
ing equations (where, for each of the seven stages, t-0 repre 
sents the start time of the respective stage): 

Nov. 21, 2013 

t(i1 - t) Ost st (1) 
O Ost st 

-i(t-t) Ost st 
8(t) = KO Ost sis 

-i (14 - t) Ost st 
O Ost sis 
i(t-t) Ost sta 

231 - 2 Ost st (2) 
6 

t Ost st 6 is is 2 

f 2t -3t 
+f 6 is is 

8(t) = K () Os is is 
2t -3t. 

2 4. Ost st 
6 

t g Os is is 

t 3ta - 2t 
-; +f is is is 

3 (3) 
s (21 -1) Ost st 

t(2i + 1) 
12 Ost st 

3 
t(t + t2) 1 3 

- - - - ) - Ost st 6 12 1)(t1 - i) 
3 

f(t) = K t(i1 + 12) Osts is 
6 

t(t + 12) f 
6 - Is (24 - 1) Ost st 

3 it -- i. t t 3-((2i + 1) Osts is 
3 t 3 ti (1 + 2) i (4 + is) (4 + i) (t + i) Ost st 

6 6 12 is is 4 

4 (4) 
on (511-2) Ost st 

if f(t+1) 
40 12 Ost st 

1-(t + 1)(2i + 1) + +3t t – t) Ost st , (ii 2)( 2) 120 (t1 - 1) is is 

f(t +t 8(t) = K t (2i + 2 + i) Ost st3 
f(t1 + 2) f it 
N (2i +21s +21 + 1) + - Ost st 

all ()-2-1- Osts is 12 2i + 12 40 12 12 

0057 Given these relationships, the maximum accelera 
tion jerk, maximum deceleration jerk, maximum accelera 
tion, maximum deceleration, and maximum velocity can be 
described in terms of the segment durations: 

12 (5) 
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-continued 
3 (6) 

(t + 1)(1s + 2 + 2 + 2 + 1) 
3 (7) 

t(t + is) (is +2i + 2i + 2i + 12) 

2 (8) 
(t1 + 2)(is +2t 4 + 213 + 2i + 12) 

P 2 (9) 
T (14+ ts)(ts +2t4 + 2ts +2t + 12) 

2 (10) 
W = P 

(is +2t 4 + 2i + 2i + 12) 

where: 
P is the position step, 
J is the maximum acceleration jerk, 
I is the maximum deceleration jerk, 
A is the maximum acceleration, 
D is the maximum deceleration, and 
V is the maximum velocity. 
The relationships among P. V. A. D. J., I, t, t, t, ta. 

and ts can now be obtained: 

0066 

t(t + 1) = f(t, + is) (11) 

t = (12) 
1 - 2 

t = P (13) 
4 - 2 
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W 3D (15) 
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P 3A W 3D W (16) 
3 y 4 2A 4 2D 

A2 f3 (17) 
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Given that t t t t and ts should all be greater 
than or equal to Zero, and assuming that 

D (18) 
A. 
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2 

As a D+ 2 + D + IY (22) y 24, P 2D " 47 ' " 2D 
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-continued 

(-(ei+1), D+ +1) (23) v 2 (P 41 + 5 (P + 1) 

0067 Solving inequalities (20)-(23) yields appropriate 
values for V.A, D, J, and I (the maximum values for velocity, 
acceleration, deceleration, acceleration jerk, and deceleration 
jerk, respectively). 
0068 Substituting these maximum values into equations 
(12)-(16) can yield values fort, t t t and ts (the durations 
of the respective segments of the motion profile). The values 
for V. A. D. J., I, t, t t t and ts derived according to 
equations (1)-(23) above can produce a smooth, time-optimal 
trajectory that operates within the defined mechanical con 
straints or user demands. 

0069 Based on the relationships described above, the pro 
file generator can calculate a suitable ST-curve motion profile 
for a given point-to-point move. It is recognized, however, 
that the values initially calculated fort, t t t and ts may 
not be multiples of the controller's sample time, and conse 
quently may not align with the sample points of the motion 
controller. When a profile segment duration falls between two 
controller sample points, it may be necessary for the control 
ler to compensate for small differences between the desired 
control signal output and the actual control signal output. To 
address this issue, one or more embodiments of the profile 
generator described herein can performan additional compu 
tation after the maximum values V, A, D, J, and I and the 
segment durations t t t t and ts have been derived as 
described above. 
0070 Specifically, after the profile generator has calcu 
lated t, t. ts, t, and ts according to the above derivations, 
each of these duration values can be upper-rounded to the 
nearest sample time to yield time tave tave, tave, and 
ts. This rounding step can be based on the sample time 
provided to the profile generator as one of the constraints 404 
or 504. The profile generator can then calculate new values 
for V.A, D, J, and I using the rounded duration values ty, 
tave tave, tave, and tsve. This recalculation yields a final 
motion profile comprising segment durations that are mul 
tiples of the sample time, which can ensure that the control 
signal output by the controller is aligned with the controller's 
sample points, thereby mitigating the need to compensate for 
the small difference introduced when the motion profile times 
fall between two sample points. 
0071 Alternatively or in addition to the ST-curves 
described above, one or more embodiments of the profile 
generator described herein is capable of generating S-curve 
profiles having asymmetric acceleration and deceleration 
(see, e.g., the exemplary S-curve trajectory of FIG. 6). An 
exemplary S-curve profile having asymmetric acceleration 
and deceleration is derived below. One or more embodiments 
of the profile generator described herein can generate motion 
profile references based on the following derivations or vari 
ants thereof. 

0072. As in the ST-curve equations derived above, t, 6, 6, 
and 0 are jerk, acceleration, Velocity, and position, respec 
tively. t t t t and ts are the respective durations of the 
ACC INC, ACC HOLD, VEL HOLD, DEC INC, and 
DEC HOLD stages of the motion profile (see Table 1 above). 
As in the ST-curve example, it is assumed that ACC INC and 
ACC DEC are equal in duration, and thus t is the duration of 
both the ACC INC and ACC DEC stages. Likewise, DEC 
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INC is assumed to be equal in duration to DEC DEC, so ta is 
the duration for both DEC INC and DEC DEC. K is again 
value to be determined for each stage of the motion profile for 
each of the jerk, acceleration, Velocity, and position, accord 
ing to the following equations (where, for each of the seven 
stages, t-0 represents the start time of the respective stage): 

1, 0 < t < t (24) 
O, 0 < t < 12 
-1, 0 < t < it 

6(t) = K O, 0 < t < 13 
-1, 0 < t < t 4 
O, 0 < t < is 
1, 0 < t < t 4 

it, 0 < t < it (25) 

-1, 0 < t < is 

1 26 f, 0 < t < it (26) 
2 

(+ ...) O t 1 + 5th < t < 12 
1 

(2i + 1) + it – if, O < t < t 
f(t) = K t(12 + i), 0 < t < 13 

12 
t(t+1)-5", 0 < t < t 4 

12 
t(t+1)-si-Lit, 0 < t < is 

1 2 
t(t+1)-1 (4 + iy) + (4 - D', 0 < t < t 4 

8(t) = (27) 

f 0 < t <t 
6 

1 1 
f+ it (t+1)t, 0 < t < 12 

1 1 3 
51(t + 1)(t +2)+ (t. - D', 0 < t < it 

1 
K 511 (t1 + 2)(2i + 2 + 2i), 0 < t < 13 

1 13 
st (t + 1)(2i + 1 + 21, +2)-ar, 0 < t < t 4 

1 2i + i + 1 1 1 
it -- i. - it - tit - tat, 0 < t <t sti (il it...) 4 - 54 - 54 5 

1 1 
5 i (il + 2)(2i + 12 + 2i + 2i + is) - (4 - t), 0 < t < 14 

0073 Given these relationships, the maximum accelera 
tion jerk, maximum deceleration jerk, maximum accelera 
tion, maximum deceleration, and maximum velocity can be 
described in terms of the segment durations: 

2 (28) 
t1(t + 2)(ts + 2i +2t3 + 2i + 12) 
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I = = R (29) 

2 (30) 
(t1 + 2)(is +2t 4 + 213 + 2i + 12) 

2 (32) 
W = P 

is +2t 4 + 213 + 2i + 12 

0074 where: 
(0075 P is the position step, 
0076 J is the maximum acceleration jerk, 
0077. I is the maximum deceleration jerk, 
0078 A is the maximum acceleration, 
0079 D is the maximum deceleration, and 
0080 V is the maximum velocity. 
0081. The relationships among P. V. A. D. J., I, t, t, t, ta. 
and ts can now be obtained: 

it (t1 + 2) = t4 (14+ t5) (33) 

A (34) 
i = f 

W A (35) 
i2 = - - - A 

t = 2 (36) 
4 = , 

V D (37) 
is = - - - D I 

P A V D V (38) 

0082 Given that t t t t and ts should all be greater 
than or equal to Zero, and assuming that 

D (39) 
A. F O 

the following set of inequalities can be established: 

A 1 a (40) 
We - = -r D 

J J p? 

1 (41) F2 V > 7 D 
P 1 p V 1 1 W (42) 
v > 2, PD+ 3 + 3 D+5 

V (43) 

I0083 Solving inequalities (40)-(43) yields appropriate 
values for V.A, D, J, and I (the maximum values for velocity, 
acceleration, deceleration, acceleration jerk, and deceleration 
jerk, respectively) for the S-curve profile. 
I0084 Substituting these maximum values into equations 
(34)-(38) can yield values fort, t t t and ts (the durations 
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of the respective segments of the S-curve motion profile). The 
values for V. A. D. J. I. 6, t, ts, t, and ts derived according to 
equations (24)-(43) above can produce an S-curve profile 
having asymmetrical acceleration and deceleration, and that 
operates within the defined mechanical constraints or user 
demands. 
0085. In some embodiments, the profile generator can 
adapt the resultant S-curve motion profile to the sample time 
of the controllerby way of an additional calculation similar to 
that described above in connection with the ST-curve profile. 
That is, after calculating t. t. ts, t, and ts according to the 
above derivations, the profile generator can upper-round 
these durations to the nearest sample time to yield new dura 
tion valuestive tave tave tave, and tsNet. The profile 
generator can then calculate new values for V. A. D. J. and I 
using the rounded duration valuestive tave taxe, tave. 
and tsNet. 
I0086. While motion profiles typically comprise the seven 
stages listed in Table 1 above, some point-to-point moves may 
not require all seven segments. For example, if the distance 
between the current state of the motion system and the target 
state is relatively small, the VEL, HOLD (constant velocity) 
segment of the motion profile may be eliminated. Accord 
ingly, one or more embodiments of the profile generator 
described herein may support automatic or intelligent seg 
ment skipping. That is, rather than perform calculations for all 
seven stages of the profile, even if one or more of the stages 
will not be used in the final trajectory, some embodiments of 
the profile generator described herein can calculate only those 
stages that will be used in the final trajectory for a given 
point-to-point move. 
0087. The motion profile can automatically determine 
which segments can be skipped during calculation of the 
motion profile when a new move command is received. In 
Some embodiments, the profile generator may determine 
which segments may be skipped based in part on the total 
distance between the current position and the target position 
(in the case of a position change), or the difference between 
the current Velocity and the target Velocity (in the case of a 
velocity change), where smaller differences between the cur 
rent and target state may suggest elimination of certain seg 
ments of the motion profile. In such embodiments, the differ 
ence between the current and target states may be compared 
with a set of defined difference ranges, where each defined 
difference range is associated with one or more segments that 
may be omitted from a corresponding motion profile. 
0088. One or more embodiments of the profile generator 
described herein may also infer which segments may be 
skipped based on historical motion data. For example, the 
profile generator may record a history of issued move com 
mands and corresponding trajectory data (e.g., position, 
Velocity, acceleration, and/or jerk over time) for the moves 
performed in response to the commands. The profile genera 
tor can analyze this historical data to make an inference 
regarding which segments may be omitted for a particular 
type of move. Thus, when a new point-to-point move com 
mand is received, prior to calculating the motion profile for 
the move, the profile generator can infer which segments may 
be skipped based on the shape of trajectories performed in 
response to past move commands having similar characteris 
tics (e.g., similar distances to traverse, similar speeds at the 
time the move command was received, etc.). 
0089 FIGS. 7-10 illustrate segment skipping for exem 
plary seven-stage position profiles. FIG. 7 illustrates an 
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exemplary S-curve profile that utilizes all seven stages. FIG. 
8 illustrates a profile that skips segment 4 (the constant Veloc 
ity stage). Profile generator may calculate Such a profile in 
cases for which the position or velocity step to be traversed is 
Small enough that the constant Velocity stage will not be 
reached before the target position or velocity is reached. Upon 
receipt of such a position step or Velocity setpoint command, 
the profile generator can make this determination prior to 
performing the profile calculations for the desired move, and 
will only perform calculations on stages 1-3 and 5-7. Simi 
larly, FIG. 9 illustrates an example profile that skips segments 
2 and 6, and FIG. 10 illustrates an example profile that skips 
segments 2, 4, and 6. 
(0090 FIGS. 11-13 illustrate various methodologies in 
accordance with certain disclosed aspects. While, for pur 
poses of simplicity of explanation, the methodologies are 
shown and described as a series of acts, it is to be understood 
and appreciated that the disclosed aspects are not limited by 
the order of acts, as some acts may occur in different orders 
and/or concurrently with other acts from that shown and 
described herein. For example, those skilled in the art will 
understand and appreciate that a methodology can alterna 
tively be represented as a series of interrelated states or 
events, such as in a state diagram. Moreover, not all illustrated 
acts may be required to implement a methodology in accor 
dance with certain disclosed aspects. Additionally, it is to be 
further appreciated that the methodologies disclosed herein 
after and throughout this disclosure are capable of being 
stored on an article of manufacture to facilitate transporting 
and transferring Such methodologies to computers. 
(0091 FIG. 11 illustrates an example methodology 1100 
for calculating a motion profile for a point-to-point move in a 
motion control system. At 1102, a set of motion constraints 
are defined for a motion control system. These constraints can 
represent physical constraints of a mechanical system con 
trolled by the motion control system, and can include limits 
on Velocity, acceleration, deceleration, and jerk. The con 
straints can also include a definition of the sample time for the 
motion controller used to control the mechanical system. At 
1102, a command to transition the controlled mechanical 
system to a new position or Velocity is received. This com 
mand can originate from a motion control program executed 
by the motion controller, or can be a manual move command 
entered by a user. The command can be received by a profile 
generator associated with the motion controller (e.g., profile 
generator 306, 402, or 502 described above). 
0092. At 1106, in response to receipt of the command 
received at step 1104, a motion profile can be calculated for 
moving the mechanical system from its current position or 
velocity to the new position or velocity indicated by the 
command. The profile generator can calculate this motion 
profile to include a continuous jerk reference defined as a 
function of time for at least one of the segments of the motion 
profile. In some embodiments, the motion profile can be 
calculated as an ST-curve according to the derivations 
described above in connection with equations (1)-(23). Such 
a motion profile can yield a jerk reference having the general 
format depicted by the dark solid line of the jerk graph illus 
trated in FIG. 6, in which the jerk gradually varies over time 
between a maximum and minimum value according to the 
calculated jerk function. At 1108, the controlled mechanical 
system is instructed to traverse from its current position or 
Velocity to the new position or Velocity according to the 
motion profile defined at step 1106. This can entail, for 
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example, providing the motion profile calculated at step 1106 
to a motor drive, which controls a motor that drives the 
mechanical system in accordance with the motion profile and 
(in the case of closed-loop control) a feedback signal provid 
ing measured real-time state data for the mechanical system. 
0093 FIG. 12 illustrates an example methodology 1200 
for calculating a constraint-based time-optimal motion pro 
file that conforms to a sample time of a motion controller. At 
1202, a set of motion constrains for a controlled mechanical 
system are defined. As in previous examples, these can 
include limits on Velocity, acceleration, deceleration, and 
jerk, as well as the sample time of the controller. These 
constraints can be provided to a profile generator associated 
with the controller (e.g., profile generator 306, 402, or 502 
described above). At 1204, a command to transition the 
mechanical system from a current position or Velocity to a 
new position or Velocity is received (e.g., by the profile gen 
erator). At 1206, a motion profile for controlling the trajectory 
of the mechanical system in response to the command is 
generated by calculating at least one of the maximum accel 
eration jerk (J), maximum deceleration jerk (I), maximum 
acceleration (A), maximum deceleration (D), and maximum 
velocity (V) as functions of time for each segment of the 
motion profile (where the profile can comprise up to seven 
segments as defined in Table 1 above). In addition, the dura 
tions for each segment of the profile are calculated (for 
example, using the techniques described above in connection 
with equations (1)-(23)). 
0094. At 1208, it is determined whetherall profile segment 
durations calculated at step 1206 are multiples of the sample 
time of the controller. If all segments have durations that are 
multiples of the sample time, the method moves to step 1214, 
where a motion profile is generated based on the profile 
segment durations and the values of J. I. A. D., and V calcu 
lated at step 1206. Alternatively, if one or more of the profile 
segments are not an even multiple of the cycle time, the 
method moves to step 1210, where all profile segment dura 
tions are upper-rounded to the nearest multiple of the sample 
time. At 1212, the values of one or more of J., I, A, D, and V are 
recalculated based on the rounded profile segment durations 
derived at step 1210. Based on the rounded profile segment 
durations and the recalculated values of J., I, A, D, and/or V, a 
motion profile is generated at 1214. 
0095 FIG. 13 illustrates an example methodology 1300 
for efficiently calculating a motion profile for a point-to-point 
move using segment skipping. At 1302, a command to tran 
sition a controlled mechanical system to a new position or 
new velocity is received (e.g., at profile generator 306, 402, or 
502). At 1304, a determination can be made regarding which 
of the seven segments of the motion profile are required to 
perform the requested point-to-point move. This determina 
tion can be made automatically by the profile generator based, 
for example, on a determination of the distance that must be 
traversed between the current position and the desired posi 
tion (in the case of a position change) or the difference 
between the current velocity and the desired velocity (in the 
case of a Velocity change). 
0096. At 1306, a determination is made as to whether all 
seven profile segments are required to carry out the desired 
move, based on the determination made at 1304. If all profile 
segments are required, the method moves to step 1310, where 
a motion profile is generated for the point-to-point move by 
performing profile calculations for all seven segments. Alter 
natively, if it is determined at step 1306 that one or more 
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profile segments are not required, the method moves to step 
1308, where a motion profile is generated for the point-to 
point move by performing calculations only for the required 
segments, as determined at step 1304. Segment skipping 
according to methodology 1300 can facilitate more efficient 
calculation of a constraint-based, time-optimal motion profile 
by reducing unnecessary processing overhead associated 
with calculating unnecessary profile segments. 

Exemplary Networked and Distributed Environments 
0097. One of ordinary skill in the art can appreciate that 
the various embodiments described herein can be imple 
mented in connection with any computer or other client or 
server device, which can be deployed as part of a computer 
network or in a distributed computing environment, and can 
be connected to any kind of data store where media may be 
found. In this regard, the various embodiments of the motion 
profile generating system described herein can be imple 
mented in any computer system or environment having any 
number of memory or storage units (e.g., memory 212 of FIG. 
2), and any number of applications and processes occurring 
across any number of storage units. This includes, but is not 
limited to, an environment with server computers and client 
computers deployed in a network environment or a distrib 
uted computing environment, having remote or local storage. 
For example, with reference to FIG. 2, position profile gen 
erator 204, velocity profile generator 206, and interface com 
ponent 208 can be stored on a single memory 212 associated 
with a single device, or can be distributed among multiple 
memories associated with respective multiple devices. Simi 
larly, position profile generator 204, Velocity profile genera 
tor 206, and interface component 208 can be executed by a 
single processor 210, or by multiple distributed processors 
associated with multiple devices. 
0.098 Distributed computing provides sharing of com 
puter resources and services by communicative exchange 
among computing devices and systems. These resources and 
services include the exchange of information, cache storage 
and disk storage for objects. These resources and services can 
also include the sharing of processing power across multiple 
processing units for load balancing, expansion of resources, 
specialization of processing, and the like. Distributed com 
puting takes advantage of network connectivity, allowing 
clients to leverage their collective power to benefit the entire 
enterprise. In this regard, a variety of devices may have appli 
cations, objects or resources that may participate in the vari 
ous embodiments of this disclosure. 
0099 FIG. 14 provides a schematic diagram of an exem 
plary networked or distributed computing environment. The 
distributed computing environment includes computing 
objects 1410, 1412, etc. and computing objects or devices 
1420, 1422, 1424, 1426, 1428, etc., which may include pro 
grams, methods, data stores, programmable logic, etc., as 
represented by applications 1430, 1432,1434, 1436, 1438. It 
can be appreciated that computing objects 1410, 1412, etc. 
and computing objects or devices 1420, 1422, 1424, 1426, 
1428, etc. may comprise different devices, such as personal 
digital assistants (PDAs), audio/video devices, mobile 
phones, MP3 players, personal computers, laptops, tablets, 
etc., where embodiments of the profile generator described 
herein may reside on or interact with Such devices. 
0100 Each computing object 1410, 1412, etc. and com 
puting objects or devices 1420, 1422, 1424, 1426, 1428, etc. 
can communicate with one or more other computing objects 
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1410, 1412, etc. and computing objects or devices 1420, 
1422, 1424, 1426, 1428, etc. by way of the communications 
network 1440, either directly or indirectly. Even though illus 
trated as a single element in FIG. 14, communications net 
work 1440 may comprise other computing objects and com 
puting devices that provide services to the system of FIG. 14, 
and/or may represent multiple interconnected networks, 
which are not shown. Each computing object 1410, 1412, etc. 
or computing, objects or devices 1420, 1422, 1424, 1426, 
1428, etc. can also contain an application, such as applica 
tions 1430, 1432, 1434, 1436, 1438 (e.g., position profile 
generator 204, Velocity profile generator 206, or components 
thereof), that might make use of an API, or other object, 
software, firmware and/or hardware, suitable for communi 
cation with or implementation of various embodiments of this 
disclosure. 
0101 There are a variety of systems, components, and 
network configurations that Support distributed computing 
environments. For example, computing systems can be con 
nected together by wired or wireless systems, by local net 
works or widely distributed networks. Currently, many net 
works are coupled to the Internet, which provides an 
infrastructure for widely distributed computing and encom 
passes many different networks, though any Suitable network 
infrastructure can be used for exemplary communications 
made incident to the systems as described in various embodi 
ments herein. 

0102 Thus, a host of network topologies and network 
infrastructures, such as client/server, peer-to-peer, or hybrid 
architectures, can be utilized. The "client' is a member of a 
class or group that uses the services of another class or group. 
A client can be a computer process, e.g., roughly a set of 
instructions or tasks, that requests a service provided by 
another program or process. A client process may utilize the 
requested service without having to “know’ all working 
details about the other program or the service itself. 
0103) In a client/server architecture, particularly a net 
worked system, a client can be a computer that accesses 
shared network resources provided by another computer, e.g., 
a server. In the illustration of FIG. 14, as a non-limiting 
example, computing objects or devices 1420, 1422, 1424, 
1426, 1428, etc. can be thought of as clients and computing 
objects 1410, 1412, etc. can be thought of as servers where 
computing objects 1410, 1412, etc. provide data services, 
Such as receiving data from client computing objects or 
devices 1420, 1422, 1424, 1426, 1428, etc., storing of data, 
processing of data, transmitting data to client computing 
objects or devices 1420, 1422, 1424, 1426, 1428, etc., 
although any computer can be considered a client, a server, or 
both, depending on the circumstances. Any of these comput 
ing devices may be processing data, or requesting transaction 
services or tasks that may implicate the techniques for sys 
tems as described herein for one or more embodiments. 
0104. A server is typically a remote computer system 
accessible over a remote or local network, Such as the Internet 
or wireless network infrastructures. The client process may 
be active in a first computer system, and the server process 
may be active in a second computer system, communicating 
with one another over a communications medium, thus pro 
viding distributed functionality and allowing multiple clients 
to take advantage of the information-gathering capabilities of 
the server. Any software objects utilized pursuant to the tech 
niques described herein can be provided standalone, or dis 
tributed across multiple computing devices or objects. 
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0105. In a network environment in which the communica 
tions network/bus 1440 is the Internet, for example, the com 
puting objects 1410, 1412, etc. can be Web servers, file serv 
ers, media servers, etc. with which the client computing 
objects or devices 1420, 1422, 1424, 1426, 1428, etc. com 
municate via any of a number of known protocols, such as the 
hypertext transfer protocol (HTTP). Computing objects 
1410, 1412, etc. may also serve as client computing objects or 
devices 1420, 1422, 1424, 1426, 1428, etc., as may be char 
acteristic of a distributed computing environment. 

Exemplary Computing Device 

0106 AS mentioned, advantageously, the techniques 
described herein can be applied to any suitable device. It is to 
be understood, therefore, that handheld, portable and other 
computing devices and computing objects of all kinds are 
contemplated for use in connection with the various embodi 
ments. Accordingly, the below computer described below in 
FIG. 15 is but one example of a computing device. Addition 
ally, a suitable server can include one or more aspects of the 
below computer, such as a media server or other media man 
agement server components. 
0107 Although not required, embodiments can partly be 
implemented via an operating system, for use by a developer 
of services for a device or object, and/or included within 
application software that operates to perform one or more 
functional aspects of the various embodiments described 
herein. Software may be described in the general context of 
computer executable instructions, such as program modules, 
being executed by one or more computers, such as client 
workstations, servers or other devices. Those skilled in the art 
will appreciate that computer systems have a variety of con 
figurations and protocols that can be used to communicate 
data, and thus, no particular configuration or protocol is to be 
considered limiting. 
0.108 FIG. 15 thus illustrates an example of a suitable 
computing system environment 1500 in which one or aspects 
of the embodiments described herein can be implemented, 
although as made clear above, the computing system envi 
ronment 1500 is only one example of a suitable computing 
environment and is not intended to Suggest any limitation as 
to scope of use or functionality. Neither is the computing 
system environment 1500 beinterpreted as having any depen 
dency or requirement relating to any one or combination of 
components illustrated in the exemplary computing system 
environment 1500. 

0109. With reference to FIG. 15, an exemplary computing 
device for implementing one or more embodiments in the 
form of a computer 1510 is depicted. Components of com 
puter 1510 may include, but are not limited to, a processing 
unit 1520, a system memory 1530, and a system bus 1522 that 
couples various system components including the system 
memory to the processing unit 1520. Processing unit 1520 
may, for example, perform functions associated with proces 
sor(s) 210 of motion profile generating system 202, while 
system memory 1530 may perform functions associated with 
memory 212. 
0110 Computer 1510 typically includes a variety of com 
puter readable media and can be any available media that can 
be accessed by computer 1510. The system memory 1530 
may include computer storage media in the form of Volatile 
and/or nonvolatile memory such as read only memory (ROM) 
and/or random access memory (RAM). By way of example, 
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and not limitation, system memory 1530 may also include an 
operating system, application programs, other program mod 
ules, and program data. 
0111. A user can entercommands and information into the 
computer 1510 through input devices 1540, non-limiting 
examples of which can include a keyboard, keypad, a pointing 
device, a mouse, Stylus, touchpad, touchscreen, trackball, 
motion detector, camera, microphone, joystick, game pad, 
scanner, or any other device that allows the user to interact 
with computer 1510. A monitor or other type of display 
device is also connected to the system bus 1522 via an inter 
face, such as output interface 1550. In addition to a monitor, 
computers can also include other peripheral output devices 
Such as speakers and a printer, which may be connected 
through output interface 1550. In one or more embodiments, 
input devices 1540 can provide user input to interface com 
ponent 208, while output interface 1550 can receive informa 
tion relating to operations of motion profile generating sys 
tem 202 from interface component 208. 
0112 The computer 1510 may operate in a networked or 
distributed environment using logical connections to one or 
more other remote computers, such as remote computer 1570. 
The remote computer 1570 may be a personal computer, a 
server, a router, a network PC, a peer device or other common 
network node, or any other remote media consumption or 
transmission device, and may include any or all of the ele 
ments described above relative to the computer 1510. The 
logical connections depicted in FIG. 15 include a network 
1572, such local area network (LAN) or a wide area network 
(WAN), but may also include other networks/buses e.g., cel 
lular networks. 

0113. As mentioned above, while exemplary embodi 
ments have been described in connection with various com 
puting devices and network architectures, the underlying con 
cepts may be applied to any network system and any 
computing device or system in which it is desirable to publish 
or consume media in a flexible way. 
0114. Also, there are multiple ways to implement the same 
or similar functionality, e.g., an appropriate API, tool kit, 
driver code, operating system, control, standalone or down 
loadable software object, etc. which enables applications and 
services to take advantage of the techniques described herein. 
Thus, embodiments herein are contemplated from the stand 
point of an API (or other software object), as well as from a 
software or hardware object that implements one or more 
aspects described herein. Thus, various embodiments 
described herein can have aspects that are wholly in hard 
ware, partly in hardware and partly in Software, as well as in 
software. 

0115 The word “exemplary” is used herein to mean serv 
ing as an example, instance, or illustration. For the avoidance 
of doubt, the aspects disclosed herein are not limited by such 
examples. In addition, any aspect or design described herein 
as “exemplary” is not necessarily to be construed as preferred 
or advantageous over other aspects or designs, nor is it meant 
to preclude equivalent exemplary structures and techniques 
known to those of ordinary skill in the art. Furthermore, to the 
extent that the terms “includes, "has,” “contains, and other 
similar words are used in either the detailed description or the 
claims, for the avoidance of doubt, Such terms are intended to 
be inclusive in a manner similar to the term “comprising as 
an open transition word without precluding any additional or 
other elements. 
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0116 Computing devices typically include a variety of 
media, which can include computer-readable storage media 
(e.g., memory 212) and/or communications media, in which 
these two terms are used herein differently from one another 
as follows. Computer-readable storage media can be any 
available storage media that can be accessed by the computer, 
is typically of a non-transitory nature, and can include both 
Volatile and nonvolatile media, removable and non-remov 
able media. By way of example, and not limitation, computer 
readable storage media can be implemented in connection 
with any method or technology for storage of information 
Such as computer-readable instructions, program modules, 
structured data, or unstructured data. Computer-readable 
storage media can include, but are not limited to, RAM, 
ROM, EEPROM, flash memory or other memory technology, 
CD-ROM, digital versatile disk (DVD) or other optical disk 
storage, magnetic cassettes, magnetic tape, magnetic disk 
storage or other magnetic storage devices, or other tangible 
and/or non-transitory media which can be used to store 
desired information. Computer-readable storage media can 
be accessed by one or more local or remote computing 
devices, e.g., via access requests, queries or other data 
retrieval protocols, for a variety of operations with respect to 
the information stored by the medium. 
0117. On the other hand, communications media can 
embody computer-readable instructions, data structures, pro 
gram modules or other structured or unstructured data in a 
data signal Such as a modulated data signal, e.g., a carrier 
wave or other transport mechanism, and includes any infor 
mation delivery or transport media. The term “modulated data 
signal' or signals refers to a signal that has one or more of its 
characteristics set or changed in Such a manner as to encode 
information in one or more signals. By way of example, and 
not limitation, communication media include wired media, 
Such as a wired network or direct-wired connection, and 
wireless media such as acoustic, RF, infrared and other wire 
less media. 

0118. As mentioned, the various techniques described 
herein may be implemented in connection with hardware or 
software or, where appropriate, with a combination of both. 
As used herein, the terms “component.” “system’’ and the like 
are likewise intended to refer to a computer-related entity, 
either hardware, a combination of hardware and software, 
Software, or software in execution. For example, a component 
may be, but is not limited to being, a process running on a 
processor, a processor, an object, an executable, a thread of 
execution, a program, and/or a computer. By way of illustra 
tion, both an application running on computer and the com 
puter can be a component. One or more components may 
reside within a process and/or thread of execution and a 
component may be localized on one computer and/or distrib 
uted between two or more computers. Further, a “device' can 
come in the form of specially designed hardware; generalized 
hardware made specialized by the execution of software 
thereon that enables the hardware to perform specific func 
tion (e.g., coding and/or decoding); Software stored on a 
computer readable medium; or a combination thereof. 
0119 The aforementioned systems have been described 
with respect to interaction between several components. It 
can be appreciated that such systems and components can 
include those components or specified sub-components, 
Some of the specified components or sub-components, and/or 
additional components, and according to various permuta 
tions and combinations of the foregoing. Sub-components 
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can also be implemented as components communicatively 
coupled to other components rather than included within 
parent components (hierarchical). Additionally, it is to be 
noted that one or more components may be combined into a 
single component providing aggregate functionality or 
divided into several separate sub-components, and that any 
one or more middle layers, such as a management layer, may 
be provided to communicatively couple to Such sub-compo 
nents in order to provide integrated functionality. Any com 
ponents described herein may also interact with one or more 
other components not specifically described herein but gen 
erally known by those of skill in the art. 
0120 In order to provide for or aid in the numerous infer 
ences described herein (e.g., inferring which profile segments 
may be skipped), components described herein can examine 
the entirety or a Subset of the data to which it is granted access 
and can provide for reasoning about or infer States of the 
system, environment, etc. from a set of observations as cap 
tured via events and/or data. Inference can be employed to 
identify a specific context or action, or can generate a prob 
ability distribution over states, for example. The inference can 
be probabilistic—that is, the computation of a probability 
distribution over states of interest based on a consideration of 
data and events. Inference can also refer to techniques 
employed for composing higher-level events from a set of 
events and/or data. 

0121. Such inference can result in the construction of new 
events or actions from a set of observed events and/or stored 
event data, whether or not the events are correlated in close 
temporal proximity, and whether the events and data come 
from one or several event and data sources. Various classifi 
cation (explicitly and/or implicitly trained) schemes and/or 
systems (e.g., Support vector machines, neural networks, 
expert Systems, Bayesian belief networks, fuzzy logic, data 
fusion engines, etc.) can be employed in connection with 
performing automatic and/or inferred action in connection 
with the claimed subject matter. 
0122. A classifier can map an input attribute vector, X=(x1, 
X2, X3, X4, Xin), to a confidence that the input belongs to a 
class, as by f(X) confidence(class). Such classification can 
employ a probabilistic and/or statistical-based analysis (e.g., 
factoring into the analysis utilities and costs) to prognose or 
infer an action that a user desires to be automatically per 
formed. A support vector machine (SVM) is an example of a 
classifier that can be employed. The SVM operates by finding 
a hyper-Surface in the space of possible inputs, where the 
hyper-Surface attempts to split the triggering criteria from the 
non-triggering events. Intuitively, this makes the classifica 
tion correct for testing data that is near, but not identical to 
training data. Other directed and undirected model classifi 
cation approaches include, e.g., naive Bayes, Bayesian net 
works, decision trees, neural networks, fuZZy logic models, 
and probabilistic classification models providing different 
patterns of independence can be employed. Classification as 
used herein also is inclusive of statistical regression that is 
utilized to develop models of priority. 
0123. In view of the exemplary systems described above, 
methodologies that may be implemented in accordance with 
the described subject matter will be better appreciated with 
reference to the flowcharts of the various figures (e.g., FIGS. 
11-13). While for purposes of simplicity of explanation, the 
methodologies are shown and described as a series of blocks, 
it is to be understood and appreciated that the claimed subject 
matter is not limited by the order of the blocks, as some blocks 
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may occur in different orders and/or concurrently with other 
blocks from what is depicted and described herein. Where 
non-sequential, or branched, flow is illustrated via flowchart, 
it can be appreciated that various other branches, flow paths, 
and orders of the blocks, may be implemented which achieve 
the same or a similar result. Moreover, not all illustrated 
blocks may be required to implement the methodologies 
described hereinafter. 
0.124. In addition to the various embodiments described 
herein, it is to be understood that other similar embodiments 
can be used or modifications and additions can be made to the 
described embodiment(s) for performing the same or equiva 
lent function of the corresponding embodiment(s) without 
deviating there from. Still further, multiple processing chips 
or multiple devices can share the performance of one or more 
functions described herein, and similarly, storage can be 
effected across a plurality of devices. Accordingly, the inven 
tion is not to be limited to any single embodiment, but rather 
can be construed in breadth, spirit and scope in accordance 
with the appended claims. 
What is claimed is: 
1. A method for generating a motion profile, comprising: 
receiving a setpoint indicating at least one of a target posi 

tion or a target Velocity for a motion device; and 
generating a motion profile for transitioning the motion 

device to the at least one of the target position or the 
target Velocity, the motion profile defining a jerk refer 
ence that varies continuously as a function of time for at 
least one segment of the motion profile. 

2. The method of claim 1, wherein the generating the 
motion profile includes defining, as a function of time, at least 
one of an acceleration reference, a Velocity reference, or a 
position reference for the at least one segment of the motion 
profile. 

3. The method of claim 2, further comprising calculating at 
least one of the jerk reference, the acceleration reference, the 
Velocity reference, or the position reference for a given seg 
ment of the motion profile based on at least one of a sample 
time parameter, a Velocity limit parameter, an acceleration 
limit parameter, a jerk limit parameter, or a deceleration limit 
parameter. 

4. The method of claim 1, wherein the generating com 
prises: 

calculating at least one of the jerk reference, an accelera 
tion reference, a Velocity reference, or a position refer 
ence for respective segments of the motion profile; 

calculating time durations for the respective segments of 
the motion profile; 

rounding the time durations to respective nearest multiples 
of a sample time of a motion controller to yield rounded 
time durations; and 

recalculating at least one of the jerk reference, the accel 
eration reference, the deceleration reference, or the 
Velocity reference using the rounded time durations. 

5. The method of claim 2, wherein the generating the 
motion profile comprises defining the acceleration reference 
for a first segment of the motion profile to have a different 
absolute value than the deceleration reference for a second 
segment of the motion profile. 

6. The method of claim 1, wherein the generating the 
motion profile further comprises: 

determining, based at least on a current state of the motion 
device and a target state of the motion device indicated 
by the setpoint, which segments of the motion profile are 
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required segments for transitioning the motion device to 
the at least one of the target position or the target Veloc 
ity; and 

calculating respective position references, Velocity refer 
ences, acceleration references, and jerk references for 
the required segments, including omitting position ref 
erence, Velocity reference, acceleration reference, and 
jerk reference calculations for segments that are not 
required segments. 

7. The method of claim 6, wherein the determining com 
prises inferring which segments of the motion profile are 
required based at least in part on historical motion data. 

8. The method of claim 1, wherein the generating com 
prises generating the motion profile according to the relation 
ships: 

3 3 t(t + t2) = t (ta + is), 

t = , , 

where: 

P is a position of the motion device, 
J is a maximum acceleration jerk, 
I is a maximum deceleration jerk, 
A is a maximum acceleration, 
D is a maximum deceleration, 
V is a maximum velocity, 
t is a duration of an increasing acceleration stage and a 

decreasing acceleration stage of the motion profile, 
t is a duration of a constant acceleration stage of the 

motion profile, 
t is a duration of a constant Velocity stage of the motion 

profile, 
t is a duration of an increasing deceleration stage and a 

decreasing deceleration stage of the motion profile, 
ts is a duration of a constant deceleration stage of the 

motion profile, and 
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9. A system for generating a motion profile, comprising: 
a memory; 

a processor configured to execute computer-executable 
components stored on the memory, the computer-ex 
ecutable components comprising: 
a motion profile generator configured to generate, in 

response to receipt of a target position or a target 
Velocity for a motion device, a motion profile having 
a continuous jerk reference that varies continuously 
over time for at least one stage of the motion profile, 
wherein the motion profile defines a trajectory for 
transitioning the motion device to the target position 
or the target Velocity. 

10. The system of claim 9, wherein the motion profile 
generator is further configured to generate the motion profile 
as a function of at least one defined constraint, wherein the at 
least one defined constraint includes at least one of a sample 
time, a Velocity limit, an acceleration limit, a jerk limit, or a 
deceleration limit. 

11. The system of claim 10, wherein the motion profile 
generator is further configured to calculate at least one of the 
jerk reference, an acceleration reference, a Velocity reference, 
or a position reference for respective segments of the motion 
profile, calculate time durations for the respective segments 
of the motion profile, round the time durations to respective 
nearest multiples of the sample time to yield rounded time 
durations, and recalculate the at least one of the jerk refer 
ence, the acceleration reference, the velocity reference, or the 
position reference based on the rounded time durations. 

12. The system of claim 9, wherein the motion profile 
generator is further configured to generate the motion profile 
based on a maximum acceleration and a maximum decelera 
tion, wherein an absolute value of the maximum acceleration 
is different than an absolute value of the maximum decelera 
tion. 

13. The system of claim 10, further comprising an interface 
component configured to receive input specifying the at least 
one defined constraint. 

14. The system of claim 11, wherein the motion profile 
generator is further configured to determine, in response to 
receipt of the target position or the target Velocity, which 
stages of the motion profile are required to transition the 
motion device to the target position or the target Velocity 
based at least in part on a current state of the motion device 
and the target position or the target Velocity. 

15. The system of claim 11, further comprising a storage 
component configured to store historical data comprising 
previously received move commands and corresponding tra 
jectory data for the motion device, wherein the motion profile 
generator is further configured to infer which stages of the 
motion profile are required to transition the motion device to 
the target position or the target Velocity based at least in part 
on an analysis of the historical data. 

16. The system of claim 9, wherein the motion profile 
generator is further configured to generate the motion profile 
according to the relationships: 
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3 3 if (t + i) = t (ta + is), 

t = , , 

where: 
P is a position of the motion device, 
J is a maximum acceleration jerk, 
I is a maximum deceleration jerk, 
A is a maximum acceleration, 
D is a maximum deceleration, 
V is a maximum velocity, 
t is a duration of an increasing acceleration stage and a 

decreasing acceleration stage of the motion profile, 
t is a duration of a constant acceleration stage of the 

motion profile, 
t is a duration of a constant Velocity stage of the motion 

profile, 
t is a duration of an increasing deceleration stage and a 

decreasing deceleration stage of the motion profile, 
ts is a duration of a constant deceleration stage of the 

motion profile, 

D 
p = . 

17. A non-transitory computer-readable medium having 
stored thereon computer-executable instructions that, in 
response to execution, cause a computer system to perform 
operations, comprising: 

receiving a move command specifying at least one of a new 
position or a new velocity for a motion device; and 

generating a motion profile for transitioning the motion 
device to the at least one of the target position or the 
target Velocity, the motion profile defining a jerk refer 
ence that varies continuously as a function of time for at 
least one segment of the motion profile. 

18. The non-transitory computer-readable medium of 
claim 17, wherein the generating comprises: 
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determining at least one of the jerk reference, an accelera 
tion reference, a Velocity reference, or a position refer 
ence for respective segments of the motion profile; 

determining time durations for the respective segments of 
the motion profile; 

rounding the time durations to respective nearest multiples 
of a defined sample time resulting in rounded time dura 
tions; and 

re-determining at least one of the jerk reference, the accel 
eration reference, the deceleration reference, or the 
Velocity reference using the rounded time durations. 

19. The non-transitory computer-readable medium of 
claim 17, wherein the generating comprises: 

determining, based at least on a current state of the motion 
device and the at least one of the new position or the new 
Velocity indicated by the move command, which seg 
ments of the motion profile are required segments for 
transitioning the motion device to the at least one of the 
new position or the new velocity; 

calculating respective position references, Velocity refer 
ences, acceleration references, and jerk references for 
the required segments, and 

omitting position reference, Velocity reference, accelera 
tion reference, and jerk reference calculations for seg 
ments that are not required segments. 

20. The non-transitory computer-readable medium of 
claim 17, wherein the generating comprises generating the 
motion profile according to the relationships: 

t = , , 

where: 
P is a position of the motion device, 
J is a maximum acceleration jerk, 
I is a maximum deceleration jerk, 
A is a maximum acceleration, 
D is a maximum deceleration, 
V is a maximum velocity, 
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t is a duration of an increasing acceleration stage and a 
decreasing acceleration stage of the motion profile, 

t is a duration of a constant acceleration stage of the 
motion profile, 

t is a duration of a constant Velocity stage of the motion 
profile, 

t is a duration of an increasing deceleration stage and a 
decreasing deceleration stage of the motion profile, 

ts is a duration of a constant deceleration stage of the 
motion profile, and 


